Startle Reactivity and Anxiety Disorders. Aversive
Conditioning, Context, and Neurobiology

Christian Grillon

The aim of this article is to review studies on human
anxiety using the startle reflex methodology and to apply
the literature on context conditioning in rats to interpret
the results. A distinction is made between cued fear (asin
specific phobia), a phasic response to an explicit threat
cue, and anxiety, a more sustained and future-oriented
response not linked to a specific discrete cue. Experimen-
tally, contextual fear, as opposed to cued fear, may best
reflect the feeling of aversive expectation about potential
future dangers that characterizes anxiety. Following a
brief description of the neurobiology of cued fear and
context conditioning, evidence is presented showing that
anxious patients are overly sensitive to threatening con-
texts. It is then argued that the degree to which contextual
fear is prompted by threat depends on whether the danger
is predictable or unpredictable. Consistent with animal
data, unpredictable shocks in humans result in greater
context conditioning compared to predictable shocks.
Because conditioning promotes predictability, it is pro-
posed to use conditioning procedures to study the devel-
opment of appropriate and inappropriate aversive expec-
tations. Cued fear learning is seen as an adaptive process
by which undifferentiated fear becomes cue-specific. Def-
icits in cued fear learning lead to the development of
nonadaptive aversive expectancies and an attentional bias
toward generalized threat. Lacking a cue for threat, the
organism cannot identify periods of danger and safety and
remains in a chronic state of anxiety. Factors that may
affect conditioning are discussed. Biol Psychiatry 2002;
52:958—-975 © 2002 Society of Biological Psychiatry
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I ntroduction

nxiety disorders present both overlapping and distinc-
tive characteristics. One accepted distinction is that
which exists between fear and anxiety. Fear is associated
with a clearly identified imminent threat, whereas anxiety
is a generalized fear without object (Marks 1987), an
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apprehensive anticipation of future potential threats (Bar-
low 2000). Recent animal studies have identified separate
neural systems that may be associated with these two
aversive states, the amygdala and the bed nucleus of the
stria terminalis (BNST) (Davis 1998). The amygdala
mediates fear responsesto explicit threatening stimuli. The
bed nucleus of the striaterminalisis an area adjacent to the
amygdala that may play arole in chronic stress associated
with more long-lasting aversive states not clearly linked to
an explicit cue (Davis 1998). The objective of this review
is to examine the relevance of these findings to human
anxiety and anxiety disorders.

There are several animal models to explore aversive
responses. The challenge has been to understand how the
repertoires of these responses resemble the characteristics
of human fear and anxiety. For example, ethoexperimental
animal models based on the natural defensive repertoires
of wild and laboratory rodents to predators present simi-
larities with behavioral symptoms of anxiety disorders
(Blanchard et a 1993). An important differentiation has
been made between the patterns of defensive behaviors
elicited by actual dangers and by potential or ambiguous
threats as proxies for fear and anxiety, respectively (Blan-
chard et al 1993); however, to better understand psycho-
logical and neural mechanisms of fear and anxiety in
humans, there is a need for investigative tools that can
translate animal research into human experimentations.
Combining Pavlovian aversive conditioning with the star-
tle reflex methodology may be one of the most powerful
ways to develop such cross-species studies.

Pavlovian aversive conditioning is the process by which
initially neutral stimuli come to dlicit defensive responses
following their repeated association with an aversive
event. Aversive conditioning procedures present several
advantages for the study of human anxiety and anxiety
disorders. Because brain structures activated during aver-
sive conditioning procedures are highly preserved across
species, inferences about neural structures involved in
human fear and anxiety can be made based on animal
studies (LeDoux 1995). In addition, conditioning studies
in humans lag far behind animal research. Hence, the
animal literature provides a rich source of theoretical
information and empirical data on which to build and
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develop human research. Furthermore, the startle reflex
methodology provides a unique tool to more directly link
animal and human research, sinceinference about aversive
states is made using the same measure in the two species.
Finally, aversive conditioning provides a framework to
study cognitive and emotional interactions during the
processing of threat information. Indeed, aversive events
usually do not happen unexpectedly. Their occurrence
may be predicted based on prior experience. Associative
learning mechanisms, such as classical fear conditioning,
are central to the development of appropriate expectancies
about upcoming events.

The present article will first review findings from startle
studies in animals and in humans that suggest the exis-
tence of at least two distinct defense mechanisms, one
activated by explicit cues and the other by threatening
contexts. Studies will then be presented that provide
emerging evidence that these defense systems are differ-
entially activated in anxious individuals or in patients with
anxiety disorders compared to healthy subjects. It will be
shown that in threatening contexts, anxious patients gen-
erate aversive responses in a less discriminating manner
compared to nonanxious subjects. It will be argued that
these aversive responses resemble symptoms in animals
during context conditioning. Finaly, the possible role of
factors that affect associative learning and conditioned
responses in the etiology and maintenance of anxiety and
anxiety disorders will be discussed.

Apprehension/General Distress versus
Explicit Cued Fear

Clinicians have long recognized that anxiety is not a
unitary phenomenon and that it can take several forms
(Barlow 2000; Kandel 1983). The DSM-IV identifies
several specific anxiety disorders, suggesting heterogene-
ity of symptoms and etiology among them (American
Psychiatric Association 1994). Anxiety disorders are
thought to result from abnormal processing of threat-
related stimuli (Beck and Clark 1997; Eysenck 1991), as
well as functional deficits in brain pathways underlying
fear learning and memory (Barlow 2000; Rosen and
Schulkin 1998). Despite symptom heterogeneity, a strong
case can be made for differentiating between at least two
aversive states, namely fear and anxiety (Marks 1969).
Fear is a normal response to a realistic and imminent
danger. On the other hand, anxiety is not linked to an
objective source of danger and is more future-oriented
(Marks 1969). Fear is usually viewed as a phasic response
associated with a predominantly well-defined and identi-
fiable threatening stimulus, whereas anxiety is more sus-
tained and generalized and is not restricted or linked to a
specific cue (i.e., it is freefloating). Thus, from an
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experimental standpoint, two characteristics may distin-
guish stimuli or situations that elicit fear versus anxiety:
the source of danger and its timing or predictability
(imminent vs. future-oriented). In addition, it is probable
that the intensity of the aversive response distinguishes
fear from anxiety, with anxiety being less intense than
fear.

Clinically, fear is equivalent to phobic anxiety in that it
is an emotional alarm system specifically attuned to
preserve the well-being of the individual from potentially
life-threatening situations (Barlow 1988). By contrast,
anxiety isinduced by the perception of insecurity. It can be
conceptualized as an emotional system activated by un-
certainty and by the expectation of adversity (Rosen and
Schulkin 1998) that can lead to excessive worry, strong
somatic and physiologic signs of arousal, increased vigi-
lance, behavioral avoidance, and significant impairment in
functioning (Barlow 2000; Kandel 1983). Centra to gen-
eralized anxiety are feelings of helplessness, a perceived
sense of unpredictability, and the anticipation of potential
future aversive events (Barlow 2000; Mineka and Zinbarg
1996).

Pavlovian Conditioning

The distinction between qualitatively different fear/anxi-
ety systems is consistent with findings from anima mod-
els (Blanchard et a 1993; Davis 1998; File et al 1998; File
et a 1999). The assumption underlying most animal
models of anxiety disorders is that anxiety evolves from
defense mechanisms essential for survival, which are
highly conserved across species (LeDoux 1995; Rodgers
1997). According to this view, symptoms of pathologic
anxiety (hypervigilance, anxious anticipation, avoidance,
escape, exaggerated startle, and somatic and autonomic
symptoms) are the result of inappropriate activation of
normally adaptive defense systems. Because anxiety dis-
orders can be conceptualized as disorders of defense
mechanisms activated inappropriately, the vast amount of
animal data on psychobiological mechanisms underlying
the detection of threat provides a rich source of informa-
tion to guide human research.

Pavlovian aversive conditioned responses present strik-
ing resemblance with the symptoms of fear and anxiety.
During aversive conditioning, animals receive a mildly
aversive unconditioned stimulus (US) (e.g., a shock) that
is repeatedly paired with a neutral conditioned stimulus
(CS) (e.g., a light). Subsequently, these animals will
exhibit symptoms of fear and anxiety (e.g., freezing
response, increased startle) to both the neutral CS and the
experimental context (i.e., cage) in which the shock was
administered. The learned fear responses to the CS and to
the training environment are referred to as explicit cue and
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context conditioning, respectively. Cued fear conditioning
has been viewed as a model of fear and fear-related
disorders, such as phobias (Ohman and Mineka 2001).
During cued fear conditioning, the animals learn to fear a
clear threat signal (CS) that predicts an imminent danger.
The presentation of the threat signal induces a brief period
of fear that subsides shortly after the offset of threat;
however, cued fear conditioning does not model the
essential features of anxiety, which is activated in a less
discriminant way and focuses on future potential threat.
The hypervigilance and persistent signs of generalized
distress that characterize anxiety may be better modeled
by context conditioning, since anxiety is neither triggered
nor suppressed by an explicit cue.

Substantial evidence from neurobiological studies
points to the role of different neural systems in cued fear
and context conditioning (Davis 1998; LeDoux 1998). In
particular, the various nuclei of the amygdala are respon-
sible for the acquisition and expression of cued fear
conditioning (Davis 1998; LeDoux 1998). Other struc-
tures, along with the amygdala, have been implicated in
context conditioning. Several studies indicate that the
dorsal portion of the hippocampus plays a pivotal role in
context conditioning (Kim and Fanselow 1992; Phillips
and LeDoux 1992). Whether the hippocampus, a structure
that has also been associated with mood and anxiety
disorders (Sapolsky 2000), is necessary for context con-
ditioning is currently a matter of debate (McNish et al
1997). The conclusion that the hippocampusisinvolved in
context conditioning is based on the finding that lesions of
the dorsal hippocampus attenuate freezing to contextual
cues (Kim and Fanselow 1992; Phillips and LeDoux
1992). At issue is the extent to which lesions of the dorsal
hippocampus interfere with the expression of the freezing
response per se, rather than with contextual memories
(McNish et a 1997). Another issue is whether the dorsal
hippocampus is only necessary for the mnemonic opera-
tions necessary to encode the spatial features of the
context or affect anxiety states independent of its role in
memory. Below, we will review findings derived from
startle studies that suggest that another structure, the bed
nucleus of the stria terminalis, may underlie the stress
associated with exposure to threatening contexts (Davis
1998).

The Startle Reflex and Aversive States

The central nucleus of the amygdala has extensive con-
nections to hypothalamic and brainstem sites responsible
for the physiologic signs and behavioral symptoms of fear
(Davis 2000). In humans, these physiologic responses can
be measured using psychophysiological techniques. Most
of our knowledge on fear conditioning in humans is
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derived from investigations of electrodermal activity and,
to a lesser degree, of cardiovascular activity. A relatively
new measure, the startle reflex, may be the most valid
investigative tool to explore aversive emational responses
(see below).

The startle reflex is a response to an intense and
surprising stimulus. In animals, startle is measured by
assessing the whole body reflex. In humans, the “startle
pattern” consists of a forward thrusting of the head and a
descending flexor wave reaction, extending through the
trunk and the knees (Landis and Hunt 1939). The ampli-
tude and the latency of the startle reflex can be measured
by recording the eyeblink reflex, the most consistent and
persistent component of the startle pattern. Although a
startle response can be dlicited with visual and tactile
stimuli as long as the stimuli are sufficiently intense and
have a fast rise time, most startle studies use acoustic
stimuli. A typical acoustic startle is a brief (e.g., 40
millisecond) burst of white noise with an abrupt onset and
an intensity ranging from 90 to 115 A-weighted decibels
dBA.

Fear-Potentiated Startle

Fear-potentiated startle refers to the increase or potentia-
tion of the startle reflex during fear states elicited by the
anticipation of an aversive stimulus (e.g., a shock). This
effect was first described in animals using aversive con-
ditioning procedures by Brown et a (1951) and has been
investigated extensively by Davis and his collaborators
(Davis 1998). In atypical experiment, the amplitude of the
startle reflex elicited by a startling stimulus (e.g., loud
noise) is measured either in the presence or in the absence
of a CS previoudy paired with an aversive US. Under
these conditions, the amplitude of the startle reflex is
greater in the presence of the CS than in the absence of the
CS. Fear-potentiated startle, defined as the increase in
startle amplitude to startle stimuli delivered during the CS
compared to startle stimuli delivered in the absence of the
CS (eg., during intertrial interval), is considered an
operational measure of fear. The same effect has been
found in humans (Grillon and Davis 1997; Hamm et al
1993; Lipp et a 1993; Spence and Norris 1950). One of
the advantages of the fear-potentiated startle procedure to
study aversive responses is that very similar procedures
potentiate startle in animals and in humans (see below).
The possibility of replicating animal findings in humans
(or vice versd) enhances the cross-fertilization between
psychological sciences and neurosciences and validates
animal models of human behaviors. Because the neural
circuitry responsible for the potentiation of startle by
aversive states is fairly well understood in animals, the
startle reflex methodology enables human research to take
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advantage of advanced knowledge about neurobiological
mechanisms of defense behaviors in animals.

Another advantage of startleisthat it is under control of
the experimenters. In a typical fear-potentiated startle
experiment, startle-evoking stimuli can be presented at any
given time, functioning as a probe of changes in emotions
and thus providing an index of ongoing affective informa-
tion processing, regardless of the presence or absence of a
discrete emotional cue (e.g., aCS or an emotional picture).
Such an approach is virtually impossible with the most
traditional psychophysiological measures of fear condi-
tioning, such as the skin conductance response (SCR).
Indeed, the SCR is by definition a response to a stimulus.
It provides a measure of autonomic arousal in response to
the discrete emotiona cue. In contrast, startle can track
rapid changes in emotional states prior, during, and after
the presentation of an emotional stimulusin away that the
electrodermal system cannot match. This is particularly
important for fear conditioning studies where comparisons
in emotional reactivity to the CS and to the context can be
assessed with the startle reflex but not with the skin
conductance.

Davis and his collaborators have conducted extensive
studies delineating the neural circuit involved in startle
potentiation by explicit conditioned cues (Hitchcock and
Davis, 1986; Hitchcock and Davis 1991; Rosen et
1991). A short-latency primary pathway is responsible for
the dlicitation of the startle response. In the rat, this
primary acoustic startle pathway consists of only three
synapses (cochlear root neurons, neurons in the nucleus
reticularis pontis caudalis, and motoneurons in the spinal
cord) (Lee et a 1996). A secondary modulatory pathway
involving the amygdala is responsible for the potentiation
of startle by explicit threat cues. The central nucleus of the
amygdala projects directly to the startle pathway, at the
level of the nucleus reticularis pontis caudalis. Lesions of
the amygdala or at several points on the connection
between the amygdala and the nucleus reticularis pontis
caudalis block the expression of fear-potentiated startle to
conditioned cues (Campeau and Davis 1995; Hitchcock
and Davis 1986; Hitchcock and Davis 1991).

Studies in humans using threat of shock procedures
have confirmed the crucial role of the amygdala in startle
potentiation, further validating the fear-potentiated startle
methodology as a measure of fear. During threat of shock,
subjects are verbally informed that shocks can be admin-
istered in the presence of threat signals but not during safe
signals. Threat of shock procedures yield highly reliable
and robust dstartle potentiation (Grillon et a 1991).
Funayama et a (2001) found that patients with unilateral
left temporal lobectomy including the amygdala failed to
show potentiated startle during threat of shock. Thiswasin
contrast to the robust startle potentiation observed in
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patients with unilateral right temporal lobectomy or indi-
viduals with no brain lesions. This |ateralization is consis-
tent with previous threat of shock studies (Grillon and
Davis 1995; Phelps et a 2001). Using monaural stimula-
tion, Grillon and Davis (1995) reported greater startle
potentiation to startle stimuli delivered to the right ear/left
hemisphere compared to left ear/right hemisphere. Addi-
tional evidence of |eft amygdalainvolvement was reported
in a functional magnetic resonance imaging (fMRI) study
during averbal threat procedure (Phelps et al 2001). A full
discussion of these laterality results is beyond the aim of
thisreview. It sufficesto say that the amygdalaiscritically
involved in human fear-potentiated startle. The greater
involvement of the left versus right amygdala may reflect
the way threat is communicated in threat experiments. The
left hemisphere may be more engaged when subjects learn
the aversive nature of the threat stimulus through verbal
communications (Phelps et a 2001).

The Neurobiology of Contextual Fear

Recent evidence from animal studies in Davis' |aboratory
indicates that the startle reflex is potentiated in conditions
that are reminiscent of generalized anxiety rather than fear.
For example, under certain conditions, basdine startle
reflex shows a gradual elevation over the course of
aversive conditioning that may reflect a response to
chronic stress (Gewirtz et al 1998). This elevation is
blocked by lesions of the bed nucleus of the stria termi-
nalis but not by lesions of the amygdala (Gewirtz et a
1998). The BNST isvery similar to the amygdalain terms
of morphology, transmitter contents, and efferents (Alheid
et al 1995), but it seems to play a different role than the
amygdala in the modulation of aversive responses. For
example, unlike lesions of the amygdala, lesions of the
BNST do not block cued fear-potentiated startle (Walker
and Davis 1997). Further evidence of a functiona disso-
ciation between the amygdala and the BNST is suggested
by the fact that lesions of the BNST, but not lesions of the
amygdala, block the so-called light-enhanced startle,
which is the enhancement of startle in animals exposed to
prolonged bright lights (Walker and Davis 1997). The
stress hormone corticotropin-releasing hormone (CRH)
may be involved in the potentiation of startle by chronic
stress and anxiety. It isnow well established that CRH has
anxiogenic properties. The CRH antagonist «-helical
CRH9-41 suppresses the behavioral and neuroendocrine
effect of stressors (Dunn and Berridge 1990). In addition,
intraventricular administration of CRH produces a long-
lasting potentiation of the startle reflex (Liang et a 1992;
Swerdlow et al 1986), which is suppressed by the anxio-
lytic benzodiazepine chlordiazepoxide (Swerdlow et al
1986). Davis and his collaborators have shown that the
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Figure 1. Effect of darkness on the magnitude of the startle
reflex in children and adolescents. Acoustic startle stimuli were
delivered in an illuminated room (light on) or in complete
darkness (light off). Results of a collaborative study involving
Yae University, Harvard University, and the University of
Minnesota. (Reproduced with permission from Grillon et al
1999.)

BNST, not the amygdala, is responsible for the sustained
potentiation of startle by CRH (Lee and Davis 1997).
These results suggest that the symptom of aversive antic-
ipation that characterizes anxiety may be mediated by a
sustained activation of the BNST via corticotropin releas-
ing hormone (Davis 1998).

Contextual Fear in Humans

The startle reflex is also highly sensitive to contextual
stressors in humans. During fear conditioning procedures,
various contextual cues can potentiate startle. For exam-
ple, startle is affected by the aversive nature of the
experiment itself. Thus, baseline startle is greater before a
fear conditioning experiment during which shocks are
administered, compared to an experiment where there is
no aversive stimulus (Bocker et a 2001). The shock
electrodes are also potent contextual cues, producing
anxiety and further increasing startle, even when there is
no imminent risk of a shock (Grillon and Ameli 1998).
This contextual sensitization possibly reflects sustained
apprehensive anticipation and worries about the future
administration of the shock. Because of this anxious
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apprehension, there is no neutral baseline startle level
during fear conditioning experiments; the fear-potentiation
of startle by an explicit threat cue is riding on an aready
elevated baseline level reflecting contextua fear.

Anxiogenic situations such as darkness also facilitate
startle (Grillon et al 1997b). Startle is greater when €elicited
in complete darkness compared to an illuminated room,
both in children (Figure 1) (Grillon et a 1999) and in
adults. We have suggested that the light-enhanced startle
in rats and the facilitation of startlein the dark have similar
evolutionary bases (Grillon et al 1997b). Rats are noctur-
nal animals and are vulnerable in bright spaces, whereas
humans are diurnal and are more vulnerable in the dark. In
general, threatening environments facilitate startle in both
Species.

Contextual Fear and Anxiety Disorders

Recently, we have reported that darkness is also a power-
ful aversive stimulus in Vietham veterans with posttrau-
matic stress disorder (PTSD). PTSD veterans show an
exaggerated facilitation of startle in the dark (Grillon et al
1998b). Poor sleep and fear of the dark are fregquent
symptoms in hypervigilant Vietnam veterans with PTSD.
The onset of darkness signals a period of anxious antici-
pation, a scanning of the environment for potential dan-
gers, and an inability to feel safe. As one veteran de-
scribes, “The only time | really dleep is at daybreak. | hate
darkness and the night. | just can’t stay asleep. Every noise
bothers me. And even if | do sleep, it’s like deegping with
an eye open. When morning comes | can relax and go to
dleep” (Grillon et a 1998b). These feelings may be viewed
as conditioned emotional responses to an explicit cue,
darkness, which serves to potentiate startle. Alternatively,
PTSD veterans may be overly sensitive to threatening
contexts. Generalized aversive anticipation in the face of
perceived threats may be intensified by darknessin PTSD,
a phenomenon that is reminiscent of the aversive response
of rodents exposed to bright lights. In general, our results
in individuals with PTSD, as well as with other anxiety
disorders, are in agreement with this hypothesis, suggest-
ing greater sensitivity to contextual cues in patients com-
pared to controls.

Table 1. Baseline and Fear-Potentiated Startle in Patients with Anxiety Disorders

Authors Experimental groups Procedure Potentiated startle Baseline startle

Grillon et a (1994) Panic disorder Verba threat Normal Elevated

Cuthbert et a (1994) Various anxiety disorders Emotional imagery Normal Elevated in PTSD and panic disorder
Morgan et al (1995) PTSD Verbal threat Normal Elevated

Grillon et a (1998c) PTSD Verba threat Normal Elevated

Kumari et a (2001) OCD Affective pictures Normal Elevated

OCD, obhsessive-compulsive disorder; PTSD, posttraumatic stress disorder.
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Table 1 lists a series of startle studies in patients with
anxiety disorders in studies using various procedures to
potentiate startle (e.g., threat of shock, affective pictures).
In all these studies, baseline startle levels were increased
throughout the experiment in the patients compared to the
controls. Possibly, this effect is prompted by the threaten-
ing experimental context, which is perceived by the
patients as abnormally stressful. It is likely that the
ambient stress of experimental settings potentiate startlein
a way analogous to that observed in an anima that is
returned to an aversive context where it has previously
received shocks. Unlike animals, people do not necessarily
need to be conditioned to fear specific situations. Human
ability for abstract thoughts enables them to anticipate
aversive events based on verbal communications.

The contextual fear hypothesis could explain the sus-
tained elevation of basdline startle in anxious patients in
aversive contexts; however, there are aternative explana
tions. One possibility is that individuals who eventualy
develop anxiety disorders have generally higher levels of
startle before the onset of the disorder. In fact, children
who are at high risk for anxiety disorders because of a
parental history for these conditions exhibit greater base-
line startle responses compared to low-risk children (see
below). Again, this could also be attributed to the stress of
the experimental setting in which loud and unpleasant
startling stimuli are delivered (Grillon et a 1997a). An-
other possibility is that the elevation of startle in anxious
patients results from a persistent sensitization caused by
chronic arousal secondary to a traumatic incident. There
are, however, very few animal data that would support
long-duration and sustained sensitization of startle. In fact,
Davis (1989) reviewed evidence suggesting that the rela-
tionship between stress and startle sensitization was not
consistent. Inrats, prior stress either has little effect or can
reduce subsequent startle. On the other hand, a brief
electric shock can substantially increase startle in rats
(Davis 1989; Krase et a 1994) and in humans (Hamm and
Stark 1993), although this effect only seems to last for an
hour or so. Stronger, more pronounced shocks can in-
crease startle for up to 4 days but not 10 days (Servatius et
al 1994). Thus far, persistent sensitization of startle has
been difficult to demonstrate, although this effect could
theoretically explain the elevation of startle in anxious
patients.

To demonstrate that the increase in baseline startle in
anxious patients is a transient effect caused by aversive
contexts rather than a persistent trait variable or a procliv-
ity to long-term sensitization, we conducted a study in
which Vietnam veterans with PTSD were tested on two
Separate occasions that contained varying degrees of
ambient stress (Grillon et a 1998c). During the first
session, only startle stimuli were delivered, yielding alow

BIOL PSYCHIATRY 963
2002;52:958-975

300
E 250
S 200 -
2
= -
S 150 - Corttrols
g A —=— Patients
2 100 |{*-e-*-"
T ¢ -®.q.0 -~e
8
» 50 Shock?

0 T T T T T T T T T 1

5 15 25 3545 5 15 25 35 45
Threat Safe

Figure 2. Fear-potentiated startle to threat of shock in patients
with panic disorders and healthy controls. Subjects were in-
formed that shocks could be administered only during the last 10
seconds of athreat condition signaled by a geometric shape on a
computer (see text for additional information concerning the
experiment). (Adapted and reproduced with permission from
Grillon et a 1994.)

level of stress. In contrast, the ambient stress level was
considerably increased in the second session by conduct-
ing a threat of shock experiment. As predicted, basgline
startle did not differ among patients and controls in the
low-stress environment of the first session. In contrast, in
the more stressful second session, the PTSD veterans
exhibited a significantly exaggerated startle response that
was further elevated following the placement of the shock
electrodes (Grillon et al 1998c).

Anxious patients exhibit exaggerated anxiety in threat-
ening contexts, but they do not show enhanced fear to
explicit threat signals when the threat is verbally mediated.
Grillon et a (1994) reported normal fear-potentiated
startle in patients with panic disorder in a study that
examined the time course of fear (Figure 2). In this study,
a shock could only be delivered at the end of a 50-second
duration threat signal. Subjects were told to expect a shock
in the last 10 seconds of the threat condition. A clock that
counted time down from 50 to O seconds was activated
with the onset of the threat signal. Acoustic startle probes
were administered at different times during and in the
absence of the threat signal to assess changes in emotional
states. Results showed a small startle potentiation follow-
ing the onset of the threat signal. This was followed by a
large startle potentiation at the time of shock expectancy
and return to baseline levels within 5 seconds of threat
signal offset. As Figure 2 indicates, baseline startle was
enhanced in the patients, compared to the controls; how-
ever, the pattern of startle potentiation to the threat signal
did not differ among patients and controls, suggesting
similar timing of affective responses to the explicit threat
cue in the two groups. Similar results were obtained with
Vietnam veterans with PTSD (Morgan et a 1995).
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Much work needs to be done to characterize the
potentiation of startle to explicit and contextual cues in
patients with anxiety disorders. Among important issues to
be addressed is the nature of contextual cues. Stimuli or
Situations that lead to contextual fear in humans and
animals are likely to differ greatly. Animals learn to
associate contextual cues with the aversive stimulus dur-
ing conditioning. In humans participating in a fear condi-
tioning experiment, some of this association is already
present upon arrival in the laboratory because of the
participants knowledge of the aversive nature of the
experiment following their recruitment and informed con-
sent. Hence, instructions are powerful contextual cues that
can greatly influence baseline startle. Shock electrodes are
also considered contextual cues rather than explicit cues
for shocks because they do not provide precise informa-
tion about the time of shock administration. The aversive
response they engender is future-oriented. For example,
animals conditioned with a long trace interval (e.g., a
shock administered several seconds after the offset of the
CS) will show more contextual fear than when trained in
a delay conditioning procedure (shock delivered at CS
offset) (Marlin 1981). When the shock signaled by aCSis
remote in time, it becomes more difficult to predict. As a
result, the contextual cues become the best predictor of
shocks.

Despite these issues regarding the nature of the contex-
tual stimuli, published results are highly suggestive of the
crucial role of contextual fear in human anxiety. Clinically
anxious patients appear overly sensitive to stressful con-
texts, but they do not show exaggerated fear responses to
explicit cues. This pattern of affective modulation, possi-
bly a distinctive characteristic of anxiety disorders, may
reflect hyperexcitability of neura structures underlying
contextual fear or chronic stress, including the bed nucleus
of the stria terminalis. An exception to this finding is
patients who suffer from fear disorders, such as simple
phobias. Not surprisingly, these patients exhibit exagger-
ated startle responses when confronted with their feared
object. Vrana et a (1992) showed atransient exaggeration
of dtartle reflex in one bird phobic individual using
imagery procedure. Similarly, relative to control subjects,
spider phobics show exaggerated startle when viewing
pictures of spiders (de Jong et al 1996). These results
further suggest a qualitative distinction between explicit
and contextual cues.

Potentiated Startle and Risks for Anxiety Disorders

All maor subtypes of anxiety disorders aggregate in
families (Merikangas et a 1998). The investigation of
offspring of parents with these conditions is, therefore, a
powerful strategy to identify premorbid risk and protective
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Figure 3. Fear-potentiated startle to threat of airblast in boys and
girls at risk for anxiety disorders. The subjects were children and
adolescent offspring of parents with (high-risk group) or without
(low-risk group) an anxiety disorder. Subjects were told that a
strong puff of air (directed to the neck at the level of the larynx)
would be delivered during threat but not during safe conditions.
Twelve-second duration lights of different colors signaled the
safe and the threat conditions. Startle stimuli were delivered in
the presence and in the absence (intertrial interval or ITI) of the
lights. (Reproduced with permission from Grillon et a 1998a.)

factors, as well as early signs of expression of these
disorders. The finding of increased baseline startle reac-
tivity in individuals with PTSD and panic disorder raises
the possibility that a proclivity to react fearfully to
situations that are only mildly challenging to others is a
risk marker for subsequent development of anxiety disor-
ders. We reported results that are consistent with this
hypothesis (Grillon et a 1997a; Grillon et al 1998a).
Grillon et a (1998a) examined fear-potentiated startle to
threat in children of parents with an anxiety disorder.
Because shocks may be more difficult to use with children
than with adults, we developed a procedure in which a
strong puff of air (airblast) delivered to the neck was
substituted for the shock. Anticipation of such an airblast
is mildly anxiogenic. It produces a robust startle potenti-
ation in children (Grillon et al 1999) and is associated with
increased activity in the amygdala based on fMRI studies
in adults (Pine et a 2001).

The findings pointed to gender-specific abnormal startle
reactivity in the high-risk group. High-risk girls were
overly sensitive to contextual threat but exhibited normal
fear-potentiated startle to explicit threat, and boys showed
the inverse pattern (normal contextual fear and increased
fear potentiation to threat) (Figure 3). These results sug-
gest that vulnerability to anxiety disorders may involve a
gender-specific differential sensitivity of fear pathways. In
light of the well-documented propensity of females to be
affected by mood and anxiety disorders compared to males
(Kessler et a 1994), these results should provide an
impetus to study gender differences in activity of the
BNST in animal models.
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The Psychopharmacology of
Fear-Potentiated Sartle

Theoretically, support for the existence of separate defense
mechanisms could be bolstered by the demonstration that
anxiolytic drugs have a differential effect on fear and
anxiety. For example, given that benzodiazepines relieve
anxiety but are not particularly efficient in the treatment of
phobias (Marks 1987) for which exposure therapy is
advised, one could expect that benzodiazepines reduce
contextual fear but have little effect on cued fear. In
support of such a possibility, Blanchard et a (1993)
reviewed evidence that benzodiazepines had little effect
on fear responses in the Fear/Defense Test battery but
reduced anxiety behaviors significantly in the Anxiety/
Defense Test battery.

There are currently few published psychopharmacology
studies of fear-potentiated startle in humans. The bulk of
the research with anxiolytic drugs in animals concerns the
benzodiazepines. In rats, benzodiazepines reduce fear-
potentiated startle to explicit conditioned cues (Davis
1979; Hijzen and Slangen 1989; Hijzen et al 1995;
Joordens et a 1998; Guscott et a 2000), but there are no
clear-cut resultsin humans. Two human studies reported a
reduction of fear-potentiated startle to a threat cue follow-
ing administration of diazepam (Bitsios et al 1999) or
alprazolam (Riba et al 2001); however, a different conclu-
sion was reached by Riba et al (1999) using lorazepam and
by Baas et al (2002) in a collaborative investigation at two
different sites (Utrecht University and Yae university)
that reported the results of four separate experiments using
diazepam and oxazepam. In this latter study, both diaze-
pam and oxazepam reduced baseline startle reactivity, but
these drugs did not affect fear-potentiated startle to athreat
cue (Figure 4). An effect of benzodiazepines on human
contextual fear was suggested by the finding that diaze-
pam suppressed the facilitation of startle by darkness. In
addition, multiple regression analyses indicated that the
benzodiazepine-induced reduction in baseline startle was
not only due to sedation but also to the anxiolytic effect of
the treatment on contextual fear. A similar conclusion was
reached by Guscott et a (2000) in a study in rats.

The reason for the discrepancies between studies is
unclear. Procedural differences could play arole (Baas et
al 2002). For example, inthe Bitsios et al (1999) study, the
shock electrodes were removed during the safe condition
and reattached during the threat condition. Hence, assum-
ing shock electrodes are contextual stimuli, there was a
confounding of explicit and contextual cues. A possible
explanation for the lack of effect of benzodiazepines on
fear-potentiated startlein the Baas et a (2002) study isthat
the startle response was at a ceiling level during the threat
of shock. Hence, reduction in fear was not reflected in a
similar reduction in startle amplitude; however, a critical
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Figure 4. Effect of two benzodiazepines on fear-potentiated
startle to a threat cue. Subjects were told to expect shocks in the
threat (Threat) but not in the safe (Safe) condition. Effects of 15
mg and 30 mg of oxazepam (left panel) and 15 mg of diazepam
(middle panel) in between-subject designs. Effect of diazepam in
a within-subject design (right panel). Subjects were tested in
three separate sessions on different days. On each session, they
received placebo, 15 mg diazepam, or 30 mg diazepam. The
benzodiazepines reduced the overall startle reactivity but did not
affect fear-potentiated startle expressed as a difference score
(Diff) or as a percent score (not shown). (Adapted and repro-
duced with permission from Baas et a 2002.)

issue that plagues research using the startle reflex is the
manner in which fear-potentiated startle is calculated.
Fear-potentiated startle is usualy calculated as a differ-
ence score between the amplitude of startle during a
control baseline condition and the amplitude of startle
during the threat condition. Difference scores are appro-
priate when baseline startle amplitude is unchanged across
experimental conditions (e.g., drug treatments); however,
because benzodiazepines greatly reduce overal startle
reactivity, this approach may be inappropriate due to the
fact that the absolute magnitude of startle potentiation is
affected by changes in basedline reactivity. Recent animal
data support thisidea. Walker and Davis (in press) injected
strychnine, a glycine receptor antagonist that increases
baseline startle amplitude nonspecifically. Strychnine was
found to increase significantly the absolute, but not the
percent, fear-potentiated startle score. It is likely that a
drug that nonspecifically reduces startle reactivity works
in asimilar manner. Hence, standard scores or ratio scores
would be a more appropriate choice to analyze fear-
potentiated startle in studies testing drugs that affect
baseline startle.

A lack of effect of benzodiazepines on fear-potentiated
startle would be contrary to results in animals; however, if
explicit cued threat models fear, the failure to find a
reduction of startle with benzodiazepines in humans is
consistent with the clinical evidence that benzodiazepines
are relatively ineffective in the treatment of fear/phobic-
related disorders but aleviate symptoms of generalized
anxiety (Marks 1987). In addition, the criticism concern-
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ing measurement of baseline startle in humans could also
apply to animal studies. Further, it is not clear how doses
administered to animals compare to the clinical doses in
humans. On the other hand, relatively low doses of
benzodiazepines that have minimal impact on basgline
startle reduce fear-potentiated startle (Davis 1979; Vae
and Green 1996). Finaly, animal studies use classical
conditioning procedures, whereas al the human studies
have been conducted with instructed threat. A threat
experiment tests only the expression of fear, whereasin a
conditioning experiment, both the expression of fear and
the memory for the CS-US association are examined.
Given that benzodiazepines impair memory processes and
impede cognitive and attentional processing of a broad
range of stimuli (Sarter et a 1994), it is possible that
benzodiazepines prevent the retrieval of the CS-US asso-
ciation in conditioning experiments.

To conclude this section, it should be kept in mind that
the psychopharmacology of human fear-potentiated startle
is currently at its infancy, and no clear conclusions can be
drawn. There are a number of issues that need to be
resolved to enhance our understanding of psychopharma-
cology of fear-potentiated startle, including the role of
sedation versus anxiolysis, the effects of the drug on
attention and memory processes, and the quantification of
fear-potentiated startle with respect to control values.

Classical Conditioning, Contextual Fear,
and Sensitization

The literature on the effects of unpredictable and uncon-
trollable aversive events provides important insights into
features of anxiety disorders associated with contextual
fear. Predictability and controllability are central to several
models of anxiety (Barlow 2000; Foa et al 1992; Mineka
and Kihlstrom 1978). Barlow (2000) talks about anxious
apprehension as a state of nervous helplessness due to a
perceived inability to predict or control upcoming events.
Barlow’s model of anxiety is based on the similarities
between anxiety symptoms and the disturbances observed
in animals exposed to unpredictable or uncontrollable
shocks. In animals, unpredictable aversive stimuli produce
debilitating cognitive, behavioral, and somatic effects that
are not obtained when the aversive stimuli are predictable
(Maier 1991; Mineka and Kihlstrom 1978).
Predictability, which can be defined as the extent to
which an event is signaled reliably, determines the nature
of aversive conditioned response (Fanselow 1980; Marlin
1981; Odling-Smee 1975). Signaled shocks following
conditioning lead to cued fear, while nonsignaled shocks
lead to contextual fear. The enhancement of contextual
fear when shocks are unpredictable is consistent with
conditioning theories (Rescorla and Wagner 1972). Selig-
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man’'s safety-signal hypothesis provides a clear explana-
tion for the effects of unpredictability (Seligman and Binik
1977). The basic tenet of the safety-signal hypothesis is
that when an organism can predict threat because it is
signaled, the absence of signal for threat also predicts the
absence of danger, that is, safety; however, when shocks
are not signaled, periods of safety are also not signaled,
and the organism remains in a state of chronic anxiety.

The increase in contextual fear to unpredictable shock
provides an analogy for the increased startle observed in
anxious patients; however, the literature on context con-
ditioning in humans is virtually nonexistent, raising ques-
tions as to the applicability of this model to humans. To
address this question, we conducted a study where shocks
were administered predictably and unpredictably (Grillon
and Davis 1997). The study involved three groups of
subjects participating in a single-cue fear conditioning
procedure over two experimental sessions, designed to
assess both cued and context conditioning. In a paired
group, a shock was delivered at the offset of the CS. In an
unpaired group, a shock was randomly administered in the
absence of the CS. Thus, the shock was administered
predictably in the paired group and unpredictably in the
unpaired group. Context conditioning was assessed 4-5
days later, when subjects returned to the conditioning
context. A control group participated in a nonaversive
conditioning experiment in which asignal for button press
(reaction time task) was activated at the offset of the CS.
This group served as a control for long-term habituation of
startle over two experimental sessions. Acoustic startle
probes were presented before conditioning and during
conditioning in the presence of the CS and in its absence
(i.e., during intertrial interval [ITI]). Startle responses
before conditioning provided an assessment of contextual
fear before shock administration. Startle responses during
conditioning provided an assessment of conditioned per-
formance to the CS. As expected, successful conditioning
to the explicit CS was obtained in the paired group but not
in the unpaired group during the first session. This was
reflected in the greater startle potentiation to the CS
compared to ITI during acquisition in the paired group
only. In addition, initial unreinforced (no shock adminis-
tered) presentations of the CS during the second session
led to startle potentiation to the CS relative to ITI in the
paired group only, indicating that conditioning perfor-
mance was well retained in this group.

Crucially, comparison of baseline startle obtained be-
fore the actual conditioning phase in each session showed
greater responses in session 2 compared to session 1 in the
unpaired group. This contrasted with results in the paired
group, which showed no changes in baseline startle
between the two sessions. Consistent with conditioning
theories (Rescorla and Wagner 1972), paired presentation



Fear Conditioning and Anxiety

of an explicit CS and a shock resultsin conditioned fear to
the explicit CS and little contextual fear, whereas unpaired
presentation of the CS and the shock leads to no explicit
cue conditioning but significant context conditioning.

The results in the unpaired group are analogous to the
findings in anxious patients. Both groups show elevated
baseline startle levels in a threatening experimental con-
text, even in the absence of imminent risk. Similar
mechanisms may be responsible for the enhanced anxiety
in the unpaired group and in the anxious patients. In the
anxious patients, the exaggerated startle response reflected
an anxious apprehension caused by a perceived inability
to predict upcoming threats. Unpredictability was also a
causal factor in the abnorma responses in the paired
group; however, this sense of unpredictability was based
on appropriate learning, that is, with aprevious experience
with nonsignaled shocks.

Context Conditioning in Veterans
with PTSD

Most evidence showing enhanced contextual fear in pa
tients with anxiety disorders is derived from threat of
shock paradigms, where information concerning danger is
verbally mediated. Recently, we have investigated contex-
tual fear using conditioning in Gulf war veterans with
PTSD (Grillon and Morgan 1999). In this study, a differ-
ential conditioning procedure was used. During differen-
tial fear conditioning, only one of two stimuli, the CS+, is
paired with a shock. Conditioned fear usually develops to
the CS+ but not to the other stimulus, the CS—. Based on
our previous findings, we predicted that the PTSD veter-
ans would show greater context conditioning when return-
ing to the conditioning context, compared to the non-
PTSD veterans.

Results were consistent with our prediction (Figure 5).
Relative to the non-PTSD veterans, basdline startle in the
PTSD veterans was increased from the initial conditioning
session to the second session.* This effect was significant
even before the placement of the shock electrodes, when
subjects were clearly not at risk of receiving a shock. The
findings in the PTSD veterans are remarkably similar to
that of healthy subjects who received unpaired CS shock
(Grillon and Davis 1997). Collectively, these results fur-
ther emphasize the pivotal role of shock unpredictability
on contextual fear and, by extension, on anxiety symp-
toms.

1 The veterans with PTSD showed larger startle responses compared to the
non-PTSD veterans in the first session; however, the data of two non-PTSD
veterans were excluded from the analysis because they exhibited virtually no
eyeblink responses to the startle stimuli. In addition, results of a PTSD veteran,
who had the largest startle response in the first session, were a so excluded from
the analysis because he did not return for the second session.
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Figure 5. Context conditioning in Gulf war veterans with and
without PTSD. Subjects participated in two conditioning ses-
sions separated by a few days. Baseline startle amplitude to
acoustic startle stimuli presented before differential aversive
conditioning on each of two sessions separated by 4-5 days in
Gulf war veterans with and without PTSD. Baseline startle did
not differ between the two groups during the first session but was
significantly larger in the PTSD compared to the non-PTSD
veterans upon returning in the experimental room. (Adapted and
reproduced with permission from Grillon and Morgan 1999.)

Associative L earning Deficits and
Contextual Fear

Unpredictable aversive events increase anxious apprehen-
sion, but most of the events in our surroundings are not
necessarily unpredictable or unexpected. Associative
learning and conditioning are mechanisms by which or-
ganisms derive predictability, reduce uncertainty, and
learn to predict events in the environment. An important
development in the learning theory literature in recent
years is the acknowledgment that conditioning is not a
low-level reflexive stimulus-response process but a highly
complex cognitive operation. Contemporary models, in-
spired by Rescorla and Wagner (1972), view conditioning
as an adaptive cognitive process that enables organismsto
develop expectancies and learn to anticipate events, aver-
sive or otherwise (Mineka and Zinbarg 1996). In humans,
this process is dependent on the formation of CS-US
associations that rely on controlled processing indexed by
verbal awareness of the CS-US contingency and by the
development of a skin conductance response (Dawson and
Furedy 1976; Purkis and Lipp 2001). There may be an
exception to this cognitive interpretation of conditioning.
Certain “prepared” stimuli (e.g., spiders, snakes) can enter
into associations via conditioning processes that take place
largely outside of one's awareness (Ohman and Mineka
2001) (but see Lovibond and Shanks 2002).
Conditioning is an adaptive process. One such adaptive
function is that it reduces uncertainty, which may be
valued for its own sake. In aversive situations, condition-
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ing reduces the range of stimuli that dicit fear. During
aversive conditioning, the initial presentation of the shock
is unpredictable, and fear generalizes to al the surround-
ing contextual cues. Following several CS-shock pairings,
this contextual sensitization becomes stimulus-specific
and fear to the context is inhibited (Paviov 1927). Thus,
during fear conditioning, organisms learn to gradually
identify the CS as the danger signal and the context as a
safety signal. As aresult, the CS, which elicits a transient
fear response, reduced overall contextual anxiety; how-
ever, a signaled shock is not necessarily a predictable
shock. The shock becomes predictable following success-
ful associative learning. In fact, there is a large interindi-
vidua variability in conditioning performance in humans.
While some subjects acquire cued fear conditioning,
others do not. Failure to condition is usually associated
with alack of stimulus contingency awareness, defined as
the knowledge that the CS predicts the US (Lovibond and
Shanks 2002). Contingency awareness is a prerequisite to
the development of US expectancy and the emergence of
conditioned responses (Grillon 2002; Purkis and Lipp
2001). During conditioning, in the absence of contingency
awareness, a signaled shock remains unpredictable. Un-
fortunately, despite evidence that conditioning is highly
dependent on conscious cognitive operations (Dawson and
Furedy 1976; Lovibond and Shanks 2002), very few
studies provide information on contingency awareness.
There is growing evidence, however, that a substantial
number of subjects (30%—40%) are unaware of CS-US
contingency in aversive conditioning studies (Chan and
Lovibond 1996; Haggard 1943; Hamm and Vaitl 1996;
Lacey and Smith 1954).

Because conditioning promotes predictability and re-
stricts the range of stimuli that elicit fear, we were
interested in investigating how cued fear conditioning
deficits would impact conditioned fear responses. We
reasoned that individuals unable to verbalize the CS-shock
contingency should perceive the shock as unpredictable.
Similar to subjects receiving unpaired CS-US, they should
exhibit increased context conditioning, compared to indi-
viduals aware of stimulus contingency.

This hypothesis was recently tested in a large group of
subjects using a differential conditioning procedure in
which the CS+, but not the CS—, was reinforced by a
shock during conditioning (Grillon 2002). Context condi-
tioning was assessed by testing subjects in the condition-
ing context either a week or a month following the initial
conditioning session. During the first session, subjects
awareness of the CS-shock contingency was assessed after
conditioning. Awareness was defined as the ability to
verbalize the CS-US shock contingency (Dawson and
Reardon 1973). Results showed that approximately 40%
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Figure 6. Conditioned responses in the aware and the unaware
subjects during the acquisition phase in the first session. Follow-
ing acquisition, which consisted of the presentation of reinforced
CS+ and unreinforced CS—, and a short extinction phase (no
delivery of the shock/US), subjects awareness of the CS-US
contingency was assessed. The figure shows results for startle
amplitudes during the CS+, CS—, and intertrial interval (ITl)
(Ieft panel). The amplitude of the skin conductance response to
the CS+ and to the CS- (middle panel) and the subjective rating
of anxiety to CS+ and to CS— (left panel) are shown. The
subjective rating was a retrospective rating of anxiety of the CS
following conditioning. Note that only aware subjects showed
differential (i.e., greater) responses to the CS+ and CS-.
Significant (p < .05) difference in within-subject comparisons
between CS+ and CS— are noted * and between CS+ and ITI
are noted @. Significant (p < .05) between-subject effects are
noted #. (Reproduced with permission from Grillon 2002.)

of the subjects were classified as unaware.® Fifty four
percent of the subjects were clearly aware. The remaining
subjects were not classifiable.

Consistent with the awareness categorization, only the
aware subjects acquired differential conditioned responses
to the CS+/CS— (Figure 6). They showed greater startle
magnitude, skin conductance response, and subjective
report of fear ratings to the CS+ compared to the CS—,
whereas the unaware subjects had similar responses to
both the CS+ and the CS—. These findings reinforce the
view that conditioning is a controlled cognitive process,
requiring the learning of relationships between the CS and
the shock.

The failure to learn that the CS predicted the shock,
however, did not prevent the unaware subjects from being
anxious. Their fear generalized to all the contextual cues,
as suggested by the fact that they showed significantly
enhanced physiologic (i.e., startle) and subjective signs of
anxiety to CS— and intertrial interval. Thus, while the
aware subjects exhibited signs of fear only during the

2 The relatively high number of unaware subjects could be due to the fact that
subjects were not instructed beforehand that they would be asked to identify
contingency at the end of the experiment. It is also possible that the startle
stimuli interfered with conditioning. Because startle stimuli are delivered
during CS+, CS—, and ITI, they may reduce the differentiation between the
CS+ and CS-.
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Figure 7. Basdline startle amplitude to acoustic startle stimuli
presented before differential aversive conditioning in each of two
sessions in aware and unaware subjects returning a week or a
month after initial conditioning. Baseline startle did not differ
between the two groups during the first session but was greater
in the unaware compared to the aware upon returning in the
conditioning context, especialy in the 1-month group. (Repro-
duced with permission from Grillon 2002.)

CS+, the unaware subjects were in a more generalized
state of anxiety throughout conditioning. In addition,
relative to the aware subjects, the startle response of the
unaware subjects was potentiated in the second session,
compared to the first session (Figure 7). This effect was
particularly striking in subjects returning 1 month after
initial conditioning. Again, these results are highly similar
to that of subjects who were explicitly given unpredictable
shocks and showed enhanced signs of anxiety when
returning to the conditioning context (Grillon and Davis,
1997).

Moreover, not only did the unaware subjects show more
physiologic signs of contextual fear, but they also showed
signs of what could be construed as behavioral avoidance
of the conditioning context. Unaware subjects were sig-
nificantly more likely not to return for the second session,
compared to the aware subjects. For example, in the
1-month group, only 4 out of 28 aware subjects did not
return versus 10 out of 25 unaware subjects who failed to
as well. This suggests that individuals who could not
predict the shock avoided the conditioning context in
higher numbers. This observation, combined with the
finding of increased physiologic signs of anxiety (i.e,
potentiated startl€) in the unaware subjects who did return,
is consistent with the two-factor theory of anxiety that
views anxiety symptoms as learned responses that are
acquired and maintained through a combination of classi-
cal/Pavlovian conditioning and avoidance (Mower 1939).
An important aspect of these findings, at least as far as
human studies are concerned, is the emphasis on context
conditioning rather than explicit cue conditioning as a
model for anxiety.

The results in the unaware subjects are remarkably
consistent with animal studies that show that unpredictable
aversive stimuli are more anxiogenic (Mineka and Kihl-
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strom 1978) and lead to more avoidant behaviors (Odling-
Smee 1975) than do predictable ones, indicating that this
is a broad phenomenon across species; however, a critical
aspect of these results is that unpredictability was not
predetermined. Shocks were not inherently unpredictable.
They were only perceived as unpredictable, due to a
failure to learn the contingency between the CS and the
shock. This suggests a link among associative learning
deficits, deviant expectancies for aversive stimuli, en-
hanced context conditioning, and subsequent behavioral
avoidance.

Cued Fear Conditioning and Anxiety

What are the factors that may interfere with contingency
awareness or cued fear conditioning? The study by Grillon
(2002) showed that the unaware subjects had higher levels
of trait anxiety as measured with the Spielberger State and
Trait Anxiety Inventory (Spielberger 1983). The differen-
tia conditioning study by Chan and Lovibond (1996) also
suggests that anxiety interferes with cued fear condition-
ing. These authors specifically examined the effect of trait
anxiety on contingency awareness by dividing subjects
into a low trait and a high trait anxiety group before
conditioning. Contingency awareness was strongly asso-
ciated with trait anxiety. Sixty-one percent of the 23 low
trait anxious subjects versus only 33% of the 42 high trait
anxious subjects were aware of stimulus contingency.
Possibly, in vulnerable individuals (e.g., people with high
trait anxiety), anxiety or worry caused by shock anticipa-
tion may prompt irrelevant thoughts and distract them
from monitoring the environment appropriately (Borkovec
et a 1991).

Orienting, Conditioning, Autonomic
Flexibility, and Risks for Anxiety

Given the role of cognitive process in conditioning, con-
trolled perceptua/attentional behaviors are necessarily en-
gaged during the formation of CS-US associations. The
organism needs to orient, pay attention, process information,
and rehearse in short-term memory (Dickinson 1980; Res-
corla 1980). Deficits a any level of these cognitive opera-
tions could interfere with successful cued fear conditioning.

In order for a subject to discover the significance of a
CS as asigna for the US, the CS needs to be perceived
and processed. Initial processing of stimuli givesriseto an
orienting response (OR) that may facilitate the develop-
ment of CS-US association (Maltzman 1979). Figure 8
shows results that support the role of the OR in contin-
gency awareness. Before the acquisition phase of a differ-
ential conditioning procedure, Baas (2001) presented a
series of nonreinforced CS+ and CS—. Contingency
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Figure 8. Skin conductance response to the CS during habitua-
tion (CS presented without shocks), acquisition, and during
extinction in the aware and unaware subjects. Note that the aware
subjects showed greater skin conductance responses to the initial
presentation of the CS (habituation), suggesting greater orienting
to these stimuli, compared to the unaware subjects. Note also that
consistent with the data shown in Figure 5, only the aware
subjects showed differential conditioning during acquisition.
(Reproduced with permission from Baas 2001.)

awareness was assessed at the end of the conditioning
procedure. As Figure 8 indicates, the skin conductance
response to both CSs before conditioning was greater in
the aware compared to the unaware subjects, suggesting
greater OR in the former compared to the latter group.
Although the skin conductance response remained greater
in the aware compared to the unaware subjects throughout
the experiment, only the aware subjects showed good
CS+/CS— differentiation during acquisition. In fact, the
unaware subjects did not show significant differential
conditioning. Similar results were obtained in areanalysis
by Grillon (2002). The skin conductance response to the
CS presented before the conditioning phase was smaller in
unaware subjects, compared to aware subjects. This was
not due to the fact that the unaware subjects were
autonomically under-responsive. They showed normal
SCR to the shocks and to the startling probes.

These results are consistent with results in animals.
Selden et a (1991) showed that cortical depletion of
noradrenaline impaired cued fear conditioning but en-
hanced context conditioning. Given the role of the norad-
renergic system in selective attention, these findings fur-
ther stress the role of attentional processes in modulating
responses to explicit and contextual cues.

These results emphasize the role of attentiond factors in
the formation of conditioned responses and the subsequent
learning of emotiona responses. If the OR is related to the
organism’'s ahility to perceive environmental changes, to
discriminate among stimuli, and to learn appropriate condi-
tioned responses, deficits in OR could be a risk factor for
anxiety or could contribute to the maintenance of anxiety
symptoms. The ability to orient to innocuous stimuli appears
to be a congtitutiond characteritic of the individual, emerg-
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ing early in life. Individual differences in the OR have been
related to discrimination learning in children as young as 9
years old (Cousins 1976) and to autonomic conditioning in
3-month-old infants (Ingram and Fitzgerald 1974). Defi-
cits in the OR and in associative learning could have a
pervasive impact on behavior, including mental health. A
recent trend recognizes the need to integrate models of
emotion and cognition on adaptive behaviors. Negative
affect and anxiety are hypothesized to bias attentional
functions (Mathews et a 1990; Mogg and Bradley 1998).
Our studies point to the disruptive role of abnormal
attentional operations on emotional regulations, effects
that may well start at a very early age.

These statements are consistent with an emerging liter-
ature that links attentional regulation and autonomic flex-
ibility to affective processes (Thayer and Lane 2000).
Flexible attention to stimulus changes, as reflected by a
robust OR, is a prerequisite to adaptive responses to the
environment and may be vagally mediated (Porges 1992).
Reduced vagal tone has been shown to be associated with
impairment in eyeblink conditioning (Tapp et a 1997). It
would be informative to examine whether reduced vagal
tone leads to cued fear conditioning deficits.

The Hippocampus and Associative
L earning Deficits

The hippocampus has been shown to be involved in
context conditioning (Kim and Fanselow 1992; Phillips
and LeDoux 1992); however, this has been an area of
controversy (Fanselow 2000; Gewirtz et al 2000). Several
studies indicate that lesions of the hippocampus either do
not affect (Gisquet-Verrier et al 1999; McNish et al 1997)
or even increase context conditioning (Winocur et al
1987). The latter study was based on a previous report by
Odling-Smee (1975) that demonstrated that the amount of
avoidance to an aversive context was inversely related to
the probability that the US followed the CS. In the
Odling-Smee (1975) study, rats were given the choice of
staying either in ablack compartment, where they received
shocks, or in an innately aversive white compartment. The
black compartment was preferred over the white compart-
ment if the shock was paired with a CS (i.e, was
predictable), but it was avoided if the shock was not paired
with a CS (i.e,, was unpredictable). These results are
informative in the light of our results that failure to form
CS-US association leads to increased context conditioning
and avoidance. Winocur et a (1987) replicated these
findings in animals given sham lesions or cortical lesions;
however, animals given hippocampal lesions and receiv-
ing paired CS-US avoided the black compartment for the
white compartment (similar to control animal receiving
unpaired CS-US). Apparently, these animals did not learn
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that the CS predicted the shock, making the US unpredict-
able. In this study, lesions of the hippocampus led to an
increase, not a decrease, in context conditioning. These
results are somewhat consistent with human data in
anxious populations. Decreased hippocampal volume and
data consistent with a dysregulation of hippocampal func-
tion (Bremner et al 1995; Bremner et al 1993; Gurvitset al
1996) are reported in individuals with PTSD. This is
accompanied by an increase, not a decrease, in context
conditioning (Grillon and Morgan 1999).

Conclusion

The aim of this review was to interpret findings from
studies on human anxiety using the startle reflex in light of
animal data. Anima studies have identified two neural
circuits involving the amygdala and the bed nucleus of the
striaterminalis that may be associated with explicitly cued
fear and generalized anxiety to threatening contexts, re-
spectively. Threat prompts either a brief period of fear or
amore generalized state of anxious apprehension, accord-
ing to whether the danger is predictable or unpredictable.
The link between attentional and emotional operations in
the production of conditioned responses has been empha-
sized. Deficits in orienting may lead to unpredictability
and attentional bias toward generalized threat. Potentially,
such deficits could contribute to the etiology and mainte-
nance of anxiety disorders. Future studies should examine
the relevance of these findings to pathologic anxiety. In
particular, one would predict that patients with generalized
anxiety disorder would show deficits in cued fear condi-
tioning and a corresponding increase in contextual fear.

It is too early to speculate on the role of associative
learning deficits in the etiology and maintenance of
anxiety disorders; however, deficits similar to that re-
ported here have been shown in individuals at risk for
anxiety disorders. Anxious children and children at risk for
anxiety disorders show deficits in declarative memory
processes, such as paired-associate learning (Merikangas
et a 1999; Pine et al 1999). These deficits could be related
to the ability to orient to cues in the environment, which
emerges early in life (Cousins 1976; Ingram and Fitzger-
ald 1974). Clearly, more work needs to be done to address
this issue. The present review may provide the impetus to
use conditioning procedures to better understand the de-
velopment of appropriate and inappropriate aversive ex-
pectations.

An attempt was also made to identify areas in the
literature that need advancement to help clarify our under-
standing of aversive responses in animals and humans.
The defining properties of contextual cues, as opposed to
explicit cues, are unclear. The information provided by the
Cue concerning upcoming aversive events seems critical
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because it affects predictability. Furthermore, a stimulus/
response model based on multiple response systems may
be helpful in further distinguishing fear from anxiety.
There is a paucity of human psychopharmacological stud-
ies of the effects of anxiolytics on fear-potentiated startle.
Such studies are greatly needed to better understand the
neuropharmacology of cued and contextual fear; however,
issues concerning the measurement of fear-potentiated
startle (ratio vs. difference scores) when basdine re-
sponses are affected by the treatment should first be
addressed. In addition, the anxiolytic effects of drugs on
fear-potentiated startle should be distinguished from the
side effects of drugs (e.g., sedation, reduced attention).

Finally, human studies on anxiety should further rely on
conditioning experiments. Conditioning studies provide a
clear-cut link with the animal literature. They also provide
a framework to study the development of aversive expec-
tation and the interplay between cognitive and emotional
processes during learned fear; however, as the results
presented in this review point out, an understanding of
conditioned responses in humans requires the analysis of
both cued fear and context conditioning.

This review was supported in part by NIMH Grant No. 5R01 MH53618.
The author thanks Dr. Rezvan Ameli for editorial assistance.

Aspects of this work were presented at the conference, “Learning and
Unlearning Fears: Preparedness, Neural Pathways, and Patients,” held
March 21, 2002 in Austin, TX. The conference was supported by an
unrestricted educational grant to the Anxiety Disorders Association of
America (ADAA) from Wyeth Pharmaceuticals, and jointly sponsored
by the ADAA, the ADAA Scientific Advisory Board, and the National
Institute of Mental Health.

References

Alheid G, deOImos JS, Beltramino CA (1995): Amygdala and
extended amygdala. In: Paxinos G, editor. The Rat Nervous
System. New York: Academic Press, 495-478.

American Psychiatric Association (1994): Diagnostic and Sta-
tistical Manual of Mental Disorders, 4th ed. Washington, DC:
American Psychiatric Association.

Baas JM (2001): Startle, drugs, and brain waves. A human model
for fear and anxiety. Dissertation presented at Utrecht Uni-
versity, Netherlands, p 167.

Baas JM, Grillon C, Bocker KB, et a (2002): Benzodiazepines
have no effect on fear-potentiated startle in humans. Psycho-
pharmacology (Berl) 161:233-247.

Barlow DH (1988): Anxiety and Its Disorders: The Nature and
Treatment of Anxiety and Panic. New York: Guilford Press.

Barlow DH (2000): Unraveling the mysteries of anxiety and its
disorders from the perspective of emotion theory. Am Psychol
55:1247-1263.

Beck AT, Clark DA (1997): An information processing model of
anxiety: Automatic and strategic processes. Behav Res Ther
35:49-58.



972 BIOL PSYCHIATRY
2002;52:958-975

Bitsios P, Philpott A, Langley RW, Bradshaw CM, Szabadi E
(1999): Comparison of the effects of diazepam on the
fear-potentiated startle reflex and the fear-inhibited light
reflex in man. J Psychopharmacol 13:226-234.

Blanchard RJ, Yudko EB, Rodgers RJ, Blanchard DC (1993):
Defense system psychopharmacology: An ethological ap-
proach to the pharmacology of fear and anxiety. Behav Brain
Res 58:155-165.

Bocker KB, Baas JM, Kenemans JL, Verbaten MN (2001):
Stimulus-preceding negativity induced by fear: A manifesta-
tion of affective anticipation. Int J Psychophysiol 43:77-90.

Borkovec TD, Shadick RN, Hopkins M (1991): The nature of
normal and pathologic worry. In: Rappe RM, Barlow DH,
editors. Chronic Anxiety: Generalized Anxiety Disorder and
Mixed Anxiety-Depression. New York: Guilford Press, 29—
51.

Bremner JD, Randal P, Scott TM, Bronen RA, Seibyl JP,
Southwick SM, et a (1995): MRI-based measurement of
hippocampal volume in patients with combat-related post-
traumatic stress disorder. Am J Psychiatry 152:973-981.

Bremner JD, Scott TM, Delaney RC, Southwick SM, Mason JW,
Johnson DR, et a (1993): Deficits in short-term memory in
posttraumatic stress disorder. Am J Psychiatry 150:1015—
1019.

Brown JS, Kalish HI, Farber |E (1951): Conditioned fear as
revealed by the magnitude of startle response to an auditory
stimulus. J Exp Psychol 41:317-327.

Campeau S, Davis M (1995): Involvement of subcortical and
cortical afferentsto the lateral nucleus of the amygdalain fear
conditioning measured with fear-potentiated startle in rats
trained concurrently with auditory and visual conditioned
stimuli. J Neurosci 15:2312-2327.

Chan C, Lovibond P (1996): Expectancy bias in trait anxiety. J
Abnorm Psychol 105:637-647.

Cloninger CR (1987): The Tridimensional Personality Question-
naire, Version IV. St Louis, MO: Department of Psychiatry,
Washington University School of Medicine.

Cousins LR (1976): Individual differencesin the orienting reflex
and children’s discrimination learning. Psychophysiology
13:479-487.

Cuthbert BN, Drobes DJ, Patrick CJ, Lang PJ (1994): Autonomic
and startle responding during affective imagery among anx-
ious patients. Psychophysiology 31(suppl 1):S37.

Davis M (1979): Diazepam and flurazepam: Effects on condi-
tioned fear as measured with the potentiated startle paradigm.
Psychopharmacology (Berl) 62:1-7.

Davis M (1989): Sensitization of the acoustic startle reflex by
footshock. Behav Neurosci 103:495-503.

Davis M (1998): Are different parts of the extended amygdala
involved in fear versus anxiety? Biol Psychiatry 44:1239—
1247.

Davis M (2000): The role of the amygdala in conditioned and
unconditioned fear and anxiety. In: Aggleton JP. The Amyg-
dala. Oxford, United Kingdom: Oxford University Press,
213-287.

Dawson ME, Furedy JJ (1976): The role of awareness in human
differential autonomic classical conditioning: The necessary-
gate hypothesis. Psychophysiology 13:50-53.

C. Grillon

Dawson ME, Reardon P (1973): Construct validity of recall and
recognition postconditioning measures of awareness. J Exp
Psychol 98:308-315.

de Jong P, Visser S, Merckelback H (1996): Startle and spider
phobia: Unilateral probes and the prediction of treatment
effects. J Psychophysiol 10:150-160.

Dickinson A (1980): Contemporary Animal Learning Theory.
Cambridge, England: Cambridge University Press.

Dunn AJ, Berridge CW (1990): Physiologic and behavioral
responses to corticotropin-releasing factor administration: Is
CRF amediator of anxiety or stressresponse. Brain ResBrain
Res Rev 15:71-100.

Eysenck MW (1991): Trait anxiety and cognition. In: Spielberger
CD, Sarason |G, editors. Stress and Emotion: Anxiety, Anger,
and Curiosity, val. 14. Washington DC: Hemsiphere Publish-
ing Corp, 77-84.

Fanselow M (1980): Signaled shock-free periods and preference
for signaled shock. J Exp Psychol Anim Behav Process 6:65—
80.

Fanselow M'S (2000): Contextual fear, gestalt memories, and the
hippocampus. Behav Brain Res 110:73-81.

File SE, Gonzadlez LE, Galant R (1998): Role of the basolateral
nucleus of the amygdala in the formation of a phobia
Neuropsychopharmacology 19:397—405.

File SE, Gonzalez LE, Gallant R (1999): Role of the dorsomedial
hypothalamus in mediating the response to benzodiazepines
on trial 2 in the elevated plus-maze test of anxiety. Neuro-
psychopharmacology 21:312-320.

Foa EB, Zinbarg R, Rothbaum BO (1992): Uncontrollability and
unpredictability in posttraumatic stress disorder: An animal
model. Psychol Bull 112:218-238.

Funayama ES, Grillon C, Davis M, Phelps EA (2001): A double
dissociation in the affective modulation of startle in humans:
Effects of unilateral tempora lobectomy. J Cogn Neurosci
13:721-729.

Gewirtz JC, McNish KA, Davis M (1998): Lesions of the bed
nucleus of the stria terminalis block sensitization of acoustic
startle reflex produced by repeated stress, but not fear-
potentiated startle. Prog Neuropsychopharmacol Biol Psychi-
atry 22:625-648.

Gewirtz JC, McNish KA, Davis M (2000): Is the hippocampus
necessary for contextual fear conditioning? Behav Brain Res
110:83-95.

Gisquet-Verrier P, Dutrieux G, Richer P, Doyere V (1999):
Effects of lesions to the hippocampus on contextual fear:
Evidence for a disruption of freezing and avoidance behavior
but not context conditioning. Behav Neurosci 113:507-522.

Grillon C (2002): Associative learning deficits increase symp-
toms of anxiety in humans. Biol Psychiatry 51:851-858.

Grillon C, Ameli R (1998): Effects of threat of shock, shock

electrode placement, and darkness on startle. Int J Psycho-
physiol 28:223-231.

Grillon C, Ameli R, Goddard A, Woods S, Davis M (1994):
Baseline and fear-potentiated startle in panic disorder pa-
tients. Biol Psychiatry 35:431-439.

Grillon C, Ameli R, Woods SW, Merikangas K, DavisM (1991):
Fear-potentiated startle in humans: Effects of anticipatory



Fear Conditioning and Anxiety

anxiety on the acoustic blink reflex. Psychophysiology
28:588-595.

Grillon C, Davis M (1995): Acoustic startle and anticipatory
anxiety in humans. Effects of monaural right and left ear
stimulation. Psychophysiology 32:155-161.

Grillon C, Davis M (1997): Fear-potentiated startle conditioning
in humans: Explicit and contextual cue conditioning follow-
ing paired versus unpaired training. Psychophysiology
34:451-458.

Grillon C, Dierker L, Merikangas K (1997a): Startle modulation
in children at risk for anxiety disorders and/or alcoholism.
J Am Acad Child Adoles Psychiatry 36:925-932.

Grillon C, Dierker L, Merikangas KR (1998a): Fear-potentiated
startle in adolescents offspring at risk for anxiety disorder.
Biol Psychiatry 44:990-997.

Grillon C, Merikangas KR, Dierker L, Snidman N, Arriagi RI,
Kagan J, et a (1999): Startle potentiation by threat of aversive
stimuli and darkness in adolescents: A multi-site study. Int
J Psychophysiol 32:63-73.

Grillon C, Morgan CA (1999): Fear-potentiated startle condition-
ing to explicit and contextual cues in Gulf war veterans with
posttraumatic stress disorder. J Abnorm Psychol 108:134—
142.

Grillon C, Morgan CA, Davis M, Southwick SM (1998b): Effect
of darkness on acoustic startle in Vietnam veterans with
PTSD. Am J Psychiatry 155:812-817.

Grillon C, Morgan CA, Davis M, Southwick SM (1998c): Effects
of experimental context and explicit threat cues on acoustic
startlein Vietnam veterans with posttraumatic stress disorder.
Biol Psychiatry 44:1027—-1036.

Grillon C, Pellowski M, Merikangas KR, Davis M (1997b):
Darkness facilitates the acoustic startle in humans. Biol
Psychiatry 42:453—460.

Gurvits T, Shenton M, Hokama H, et a (1996): Magnetic
resonance imaging study of hippocampal volume in chronic,
combeat-related posttraumatic stress disorder. Biol Psychiatry
40:1091-1099.

Guscott MR, Cook GP, Bristow LJ (2000): Contextual fear
conditioning and baseline startle responses in the rat fear-
potentiated startle test: A comparison of benzodiazepine/
gamma-aminobutyric acid-A receptor agonists. Behav Phar-
macol 11:495-504.

Haggard EA (1943): Experimental studies in affective processes:
I. Some effects of cognitive structure and active participation
on certain autonomic reactions during and following experi-
mentally induced stress. J Exp Psychol 33:257-284.

Hamm AO, Greenwald MK, Bradley MM, Lang PJ (1993):
Emotional learning, hedonic changes, and the startle probe. J
Abnorm Psychol 102:453-465.

Hamm AO, Stark R (1993): Sensitization and aversive condi-
tioning: Effects on the startle reflex and electrodermal re-
sponding. Integr Physiol Behav Sci 28:171-176.

Hamm AO, Vaitl D (1996): Affective learning: Awareness and
aversion. Psychophysiology 33:698—710.

Hijzen TH, Houtzager SW, Joordens RJ, Olivier B, Slangen JL
(1995): Predictive validity of the potentiated startle response
as a behavioral model for anxiolytic drugs. Psychopharma-
cology (Berl) 118:150-154.

BIOL PSYCHIATRY 973
2002;52:958-975

Hijzen TH, Slangen JL (1989): Effects of midazolam, DMCM
and lindane on potentiated startle in the rat. Psychopharma-
cology (Berl) 99:362—365.

Hitchcock JM, Davis M (1986): Lesions of the amygdal a, but not
of the cerebellum or red nucleus, block conditioned fear as
measured with the potentiated startle paradigm. Behav Neu-
rosci 100:11-22.

Hitchcock JM, Davis M (1991): Efferent pathway of the amyg-
dala involved in conditioned fear as measured with the
fear-potentiated startle paradigm. Behav Neurosci 105:826—
842.

Ingram E, Fitzgerald HE (1974): Individual differences in infant
orienting and autonomic conditioning. Dev Psychobiol
7:359-367.

Joordens RJE, Hijzen TH, Olivier B (1998): The anxiolytic effect
on the fear-potentiated startle is not due to a non-specific
disruption. Life Sci 63:2227-2232.

Kandel ER (1983): From metapsychology to molecular biology:
Exploration into the nature of anxiety. Am J Psychiatry
140:1277-1293.

Kessler RC, McGonagle KA, Zhao S, Nelson CB, Hughes M,
Eshleman S, et al (1994): Lifetime and 12-month prevalence
of DSM-I11-R psychiatric disordersin the United States. Arch
Gen Psychiatry 51:8—19.

Kim JJ, Fanselow MS (1992): Modality-specific retrograde
amnesia of fear. Science 256:675-677.

Krase W, Koch M, Schnitzler H-U (1994): Substance P is
involved in the sensitization of the acoustic startle response
by footshocks in rats. Behav Brain Res 63:81-88.

Kumari V, Kaviani H, Raven PW, Gray JA, Checkley SA.
(2001): Enhanced startle reactions to acoustic stimuli in
patients with obsessive-compulsive disorder. Am J Psychiatry
158:134-136.

Lacey JI, Smith RL (1954): Conditioning and generalization of
unconscious anxiety. Science 120:1045-1052.

Landis C, Hunt WA (1939): The Sartle Pattern. New York:
Farrar and Rinehart.

LeDoux JE (1995): Emotion: Clues from the brain. Annu Rev
Psychol 46:209-235.

LeDoux JE (1998): Fear and the brain: Where have we been, and
where are we going? Biol Psychiatry 44:1229-1238.

Lee Y, Davis M (1997): Role of the hippocampus, the bed
nucleus of the stria terminalis, and the amygdala in the
excitatory effect of corticotropin-releasing hormone on the
acoustic startle reflex. J Neurosci 17:6434—-6446.

LeeY, Lopez D, Meloni E, Davis M (1996): A primary acoustic
startle pathway: Obligatory role of cochlear root neurons and
the nucleus reticularis pontis caudalis. J Neurosci 16:3775—
3789.

Liang KC, MéliaKR, Miserendino MJD, Falls WA, Campeau S,
Davis M (1992): Corticotropin-releasing factor: Long-lasting
facilitation of the acoustic startle reflex. J Neurosci 12:2303—
2312.

Lipp OV, Sheridan J, Siddle DAT (1993): Blink facilitation
during single cue conditioning with aversive and nonaversive
unconditional stimuli. Psychophysiology 30(suppl 1):$43.

Lovibond PF, Shanks DR (2002): The role of awareness in
Pavlovian conditioning: Empirical evidence and theoretical
implications. J Exp Psychol Anim Behav Process 28:3-26.



974 BIOL PSYCHIATRY
2002;52:958-975

Maier SF (1991): Stressor controllability, cognition and fear. In:
Madden JI, editor. Neurobiology of Learning, Emotion and
Affect. New York: Raven Press, Ltd, 159-193.

Maltzman | (1979): Orienting reflexes and classical conditioning
in humans. In: Kimmel HD, Van Olst EH, Orlebeke JF,
editors. The Orienting Reflex in Humans. New York: Wiley
and Sons, 323-351.

Marks IM (1969): Fears and Phobias. New York: Academic
Press.

Marks IM (1987): Fears, Phobias, and Rituals. New York:
Academic Press.

Marlin N (1981): Contextual associations in trace conditioning.
Anim Learn Behav 9:519-523.

Mathews A, May J, Mogg K, Eysenck M (1990): Attentional bias
in anxiety: Selective search or defective filtering? J Abnorm
Psychol 99:166-173.

McNish KA, Gewirtz JC, Davis M (1997): Evidence of contex-
tual fear after lesions of the hippocampus: A disruption of
freezing but not fear-potentiated startle. J Neurosci 17:9353—
9360.

Merikangas KR, Avenevoli S, Dierker L, Grillon C (1999):
Vulnerability factors among children at risk for anxiety
disorders. Biol Psychiatry 46:1523-1535.

Merikangas KR, Dierker LC, Szatmari P (1998): Psychopathol-
ogy among offspring of parents with substance abuse and/or
anxiety: A high risk study. J Am Acad Child Adolesc
Psychiatry 39:711-720.

Mineka S, Kihlstrom JF (1978): Unpredictable and uncontrolla-
ble events: A new perspective on experimental neurosis. J
Abnorm Psychol 87:256-271.

Mineka S, Zinbarg R (1996): Conditioning and ethological
models of anxiety disorders: Stress-in-dynamic-context anx-
iety models. In: Hope DA, editor. Perspective on Anxiety,
Panic, & Fear, vol 43. Lincoln and London: University of
Nebraska Press, 135-210.

Mogg K, Bradley BP (1998): A cognitive-motivationa analysis
of anxiety. Behav Res Ther 36:809-848.

Morgan CA 11, Grillon C, Southwick SM, DavisM, Charney DS

(1995): Fear-potentiated startle in posttraumatic stress disor-
der. Biol Psychiatry 38:378—385.

Mower OH (1939): A stimulus-response analysis of anxiety and
its role as a reinforcing agent. Psychol Rev 46:553-565.

Odling-Smee FJ (1975): The role of background stimuli during
Pavlovian conditioning. Q J Exp Psychol 27:201-209.

Ohman A, Mineka S (2001): Fears, phobias, and preparedness:
Toward an evolved module of fear and fear learning. Psychol
Rev 108:483-522.

Pavliov IP (1927): Conditioned Reflexes. New York: Oxford
University Press.

Phelps EA, O’ Connor KJ, Gatenby JC, Gore JC, Grillon C, Davis
M (2001): Activation of the left amygdala to a cognitive
representation of fear. Nat Neurosci 4:437-441.

Phillips RG, LeDoux JE (1992): Differential contribution of
amygdala and hippocampus to cued and contextual fear
conditioning. Behav Neurosci 106:274—-285.

Pine DS, Fyer A, Grun J, Phelps EA, Szeszko PR, Koda V, et a
(2001): Methods for developmental studies of fear condition-
ing circuitry. Biol Psychiatry 50:225-228.

C. Grillon

Pine DS, Wasserman GA, Workman SB (1999): Memory and
anxiety in prepubertal boys at risk for delinquency. J Am
Acad Child Adolesc Psychiatry 38:1024—-1031.

Porges SW (1992): Autonomic regulation and attention. In:
Campbell BA, Hayne H, Richardson R, editors. Attention and
Information Processing in Infants and Adults. Hillsdale, NJ:
Erlbaum, pp 201-223.

Purkis HM, Lipp OV (2001): Does affective learning exist in the
absence of contingency awareness? Learn Motiv 32:84-99.

Rescorla RA (1980): Paviovian Second-Order Conditioning:
Sudies in Associative Learning. Hillsdale, NJ. Lawrence
Erlbaum.

Rescorla RA, Wagner AR (1972): A theory of Pavlovian
conditioning: Variations in the effectiveness of reinforcement
and nonreinforcement. In: Black AH, Prokasy WF, editors.
Classical Conditioning II: Current Theory and Research.
New York: Appleton-Century-Crofts, 64—99.

Riba J, Rodriguez-Fornells A, Urbano G, Antonijoan R, Bar-
banoj MJ (1999): Fear potentiated startle of the acoustic
startle responseis preserved after |orazepam administration to
human subjects. Psychophysiology 36(suppl 1):S94.

Riba J, Rodriguez-Fornells A, Urbano G, Morte A, Antonijoan
R, Barbanoj MJ (2001): Differential effects of alprazolam on
the baseline and fear-potentiated startle reflex in humans: A
dose-response study. Psychopharmacology (Berl) 157:358—
367.

Rodgers RJ (1997): Animal models of ‘anxiety’: Where next?
Behav Pharmacol 8:477-496.

Rosen JB, Hitchcock JM, Sananes CB, Miserendino MJD, Davis
M (1991): A direct projection from the central nucleus of the
amygdala to the acoustic startle pathway: Anterograde and
retrograde tracing studies. Behav Neurosci 105:817-825.

Rosen JB, Schulkin J (1998): From normal fear to pathologic
anxiety. Psychol Rev 105:325-350.

Sapolsky RM (2000): Glucocorticoids and hippocampal atrophy
in neuropsychiatric disorders. Arch Gen Psychiatry 57:925—
935.

Sarter M, Nutt DJ, Lister R (1994): Benzodiazepine Receptor
Inverse Agonists. New York: Wiley.

Selden NR, Everitt BJ, Robbins TW (1991): Telencephalic but
not diencephalic noradrenaline depletion enhances behavioral
but not endocrine measures of fear conditioning to contextual
stimuli. Behav Brain Res 43:139-154.

Seligman MEP, Binik YM (1977): The safety signal hypothesis.
In: Davis H, Hurwitz HMB, editors. Operant-Paviovian
Interactions. New York: Hillsdale, 165-187.

Servatius RJ, Ottenweller JE, Bergen MT, Soldan S, Natelson
BH (1994): Persistent stress-induced sensitization of adreno-
cortical and startle responses. Physiol Behav 56:945-954.

Spence K, Norris E (1950): Eyelid conditioning as a function of
the inter-trial interval. J Exp Psychol 40:716-720.

Spielberger CD (1983): Manual for the Sate-Trait Anxiety
Inventory. Palo Alto, CA: Consulting Psychologist Press.

Swerdlow NR, Geyer MA, Vale WW, Koob GF (1986): Cortico-
releasing factor potentiates acoustic startle response in rats:
Blockade by chlordiazepoide. Psychopharmacology (Berl)
88:147-152.



Fear Conditioning and Anxiety

Tapp W, Servatius R, Hunt J, Powell DA (1997): Vagal activity
predicts eyeblink conditioning in human subjects. Neurore-
port 8:1203-1207.

Thayer JF, Lane RD (2000): A model of neurovisceral integra-
tion in emotion regulation and dysregulation. J Affect Disord
61:201-216.

Vale AL, Green S (1996): Effects of chlordiazepoxide, nicotine
and d-amphetamine in the rat potentiated startle model of
anxiety. Behav Pharmacol 7:138-143.

Vrana SR, Constantine JA, Westman JS (1992): Startle reflex
modification as an outcome measure in the treatment of
phobia: Two case studies. Behav Assess 14:279-291.

Walker D, Davis M (1997): Double dissociation between the
involvement of the bed nucleus of the stria terminalis and the

BIOL PSYCHIATRY 975
2002;52:958-975

central nucleus of the amygdala in startle increases produced
by conditioned versus unconditioned fear. J Neurosci
17:9375-9383.

Walker DL, Davis M (2002): The role of amygdala glutamate
receptors in fear learning, fear-potentiated startle, and extinc-
tion. Pharmacol Biochem Behav 71:379-392.

Walker DL, Davis M (in press): Quantifying fear-potentiated
startle using absolute versus proportional increase methods:
implications for the neurocircuitry of fear and anxiety. Psy-
chopharmacology.

Winocur G, Rawlins JN, Gray JA (1987): The hippocampus and
conditioning to contextual cues. Behav Neurosci 101:617—
625.



	Startle Reactivity and Anxiety Disorders: Aversive Conditioning, Context, and Neurobiology
	Introduction
	Apprehension/General Distress versus Explicit Cued Fear
	Pavlovian Conditioning
	The Startle Reflex and Aversive States
	Fear-Potentiated Startle
	The Neurobiology of Contextual Fear
	Contextual Fear in Humans
	Contextual Fear and Anxiety Disorders
	Potentiated Startle and Risks for Anxiety Disorders
	The Psychopharmacology of Fear-Potentiated Startle

	Classical Conditioning, Contextual Fear, and Sensitization
	Context Conditioning in Veterans with PTSD
	Associative Learning Deficits and Contextual Fear
	Cued Fear Conditioning and Anxiety
	Orienting, Conditioning, Autonomic Flexibility, and Risks for Anxiety
	The Hippocampus and Associative Learning Deficits
	Conclusion


